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2-Dimethylsulfonioalkane-1-sulfonates were formed by the reaction of a-olefins with the dimethyl sulfide-sulfur
trioxide complex. The treatment of these products with alkali gave 4!-alkene-1-sulfonates quantitatively. In the
reaction between 1,2-epoxyalkanes and the dimethyl sulfide-sulfur trioxide complex, l-dimethylsulfoniomethyl-

1-alkyl sulfate was formed exclusively.
ment of these products with alkali.
reaction routes were discussed.

The reaction product from an «-olefin with sulfur
trioxide 7.e., an «-olefin sulfonate, is considered to be
the base material of a new anionic surface-active agent,
and a mechanism for the reaction has been proposed.!»2)

Furthermore, numerous reports have been published
on the chemistry of sulfonation using sulfur trioxide-
Lewis base complexes.3% We have now obtained some
interesting results when the dimethyl sulfide-sulfur tri-
oxide complex was used as the sulfonating agent in
the sulfonation of «-olefins and epoxyalkanes; we will
report those results in this paper.

Results and Discussion

Reaction of «-Olefins with the Dimethyl Sulfide—~Sulfur
Trioxide Complex. Many studies have been ca-
rried out on the reaction between olefins and the sulfur
trioxide-dioxane complex, particularly by Bordwell et
al>="  They considered that the zwitter ion was the
initial sulfonation intermediate of this reaction; how-
ever, the zwitter ion has not actually been isolated. On
the other hand we have ourselves proposed a new
reaction mechanism in a previous paper.y An a-
olefin was reacted with the sulfur trioxide-dimethyl
sulfide complex, in ethylene dichloride at room tem-
perature, to give a 2-dimethyl-sulfonioalkane-1-sul-
fonate (I) in a high yield. The structure of the product
was established by IR and NMR spectroscopy.
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Sulfonium sulfonate internal salts have been syn-
thesized either by the alkylation of mercaptoalkane
sulfonates or by the addition of alkyl sulfides to sul-
tones.®) In the previous report, we established that
the initial product of the reaction of a-olefin with sulfur
trioxide is a f-sultone,¥ which immediately undergoes
ring-opening by means of a nucleophilic reagent. It
appears likely that the g-sultone is first formed in the
present reaction also, and that it then reacts with
dimethyl sulfide.

1-Dimethylsulfonio-1-alkenes were quantitatively formed upon the treat-
The chemical structures of these compounds have been established, and the
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In fact, we confirmed that the reaction between Cy,-f-
sultone, prepared by the previous method, and di-
methyl sulfide proceeds more rapidly than the reaction
between the olefin itself and dimethyl sulfide. Also,
in the former case the same 2-dimethylsulfoniodode-
cane sulfonate internal salt was obtained in an excellent
yield. Consequently, it may be considered that the
formation of p-sultone is the rate-determining step.
These internal salts decomposed easily with alkali to
form A'-alkene-1-sulfonates quantitatively.

(I) + NaOH —

Me
C,H,, +,~-CH=CHSO;Na + S M + H,O
e

It is apparent that the a-hydrogen has become highly
activated by both dimethylsulfonium and sulfonyloxy
groups. The decomposed product was identified by
means of the NMR spectra. .

The decomposition rate was measured using a pH
stat. It was dependent on the pH above 6, and con-
sequently, this amphoteric surface active agent is un-
suitable for use on the alkaline side. It was confirmed
by NMR spectroscopy that the A'-octene-1-sulfonate
in the product obtained from l-octene was a mixture of
619, trans-form and 399, cis-form, and this finding
suggests that the alkaline decomposition proceeds by
means of competitive E, and E,,, processes.

From olefins of a shorter chain length, similar sul-
fonation and alkaline decomposition products were
obtained, as is shown in Table 1. From this table,
a rather clear correlation between the yields and the
electron-donating power of the alkyl groups of the
olefins can be observed.

Reaction of Epoxyalkanes with the Dimethyl Sulfide-Sulfur
Trioxide Complex. An epoxyalkane reacted with
the dimethyl sulfide-sulfur trioxide complex in ethylene
dichloride to give a Il-dimethylsulfoniomethyl-1-alkyl
sulfate(IT) quantitatively. The structure of the prod-
uct was established by IR and NMR spectroscopy.
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TaBLE 1.  REACTION PRODUCTS OF LOWER OLEFINS' WITH DIMETHYL SULFIDE-SULFUR TRIOXIDE COMPLEX
Found % Caled % .
Olefin Product Yield % —_ PR Alkaline decomposed
product
H C H
1-Butene C,H;-CH-CH,SO, - 48 36.35 7.19 36.34 7.12 C,H;-CH=CHSO,Na
S+
VAN
(:H3 CH,
Isobutene \ 67 36.31 7.25 36.34 7.12 CH3\
CH-CH,S0,~ C-CHSONa
cH,” | CH,
S+
7\
CH, CH, .
Propylenc CH,-CH-CH,SO, - 76 32.76 . 6.74 32.59  6.56 CH,-CH-CHSO,Na
S+
7\
CH, CH,
Ethylene CH,-CH,SO,- # trace — — 28.22 5.92 CH,=CHSO;Na
L
AN
CH, CH,

a) This product was not isolated, but identified by NMR spectrum, in reaction solution.
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G. E. Ham has reported that SO; is inserted into
ethylene oxide to form ethylene sulfate.

CH,-CH, + SO, —> CH,-CH,
N/
o 000
ANV
S
I
(o]
Therefore, the mechanism of this reaction may be
considered to involve the initial formation of alkyl-

substituted ethylene sulfate, followed by ring-opening
by means of Sx2 process with dimethyl sulfide.
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The 1-dimethylsulfoniomethyl-1-alkyl sulfate (II) can
be easily decomposed in an alkaline medium to form
At-alkenesulfonium salt quantitatively.

(II) + NaOH —>

+ /Me
CnH2n+1—CH=CH-S< -1/280,~ + 1/2 Na SO,
Me '

In this case, it was also confirmed by NMR spectros-
copy that the decomposed product was a mixture of
709% trans-form and 309, cis-form for n=6. The
decomposition rate was measured similarly with a
pH stat. It was dependent upon the pH. For ex-
ample, the decomposition rate constant (at pH=9.0)
is 0.0599 min-1, about 80 times larger than that of the
sulfonium-sulfonate (I) type mentioned above.

Ethylene oxide reacted similarly with the dlmethyl
sulfide-sulfur trioxide complex quantitatively.

As well as with dimethyl sulfide, the reaction also
proceeded with methyl ethyl sulfide and diethyl sulfide.
However, the expected products were not obtained
with ethyl hexyl sulfide, suggesting that a steric effect
may be an important factor in this reaction.

80 |
decyl octyl
g 60
% dodecyl
odecy
)
40F
20 . .
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Fig. 1. Surface tension versus concentration of 1-di-

methylsulfoniomethyl 1-alkyl (octyl, dodecyl) sulfate
at 70 °C.
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Surface-active ~ Properties. - 2-Dimethylsulfonio-
alkane-1-sulfonates have superior surface-active. pro-
perties; Compound (I) with n=8 has an optimum
surface activity, and its critical micelle concentration
is 28 mmol/l and y,,,=30 dyn/cm. Its wetting pow-
er is 11 s at 25 °C, 40 mmol/l and its forming height
is 170 mm at 25 °C, 40 mmol/l.

1-Dimethylsulfoniomethyl-1-alkyl sulfates (II) also
show good surface activities. The correlation be-
tween their concentrations and surface tensions is
shown in Fig. 1.

Experimental

Materials. The sulfur trioxide (liquid and stabilized,
manufactured by the Nisso Kinzoku Co.) was used after
distillation. The C,;,;—Cyq olefins (manufactured by the Gulf
Qil Co.) were purified by distillation. The Cy—GC,, epoxy-
alkanes were prepared according to the method of Swern.1®
The ethylene, propylene, 1-butene, and isobutene (manufac-
tured by the Wako Junyaku Co.) were used as received.

Reaction . of a-Olefins with the Dimethyl Sulfide-Sulfur Trioxide
Complex. The case of 1-dodecene will be described as a
typical .example. Dimethyl sulfide (0.6 M) was dissolved
in 100 g of ethylene dichloride, and the mixture was cooled
to —10°C. When 0.5M of sulfur trioxide, dissolved in
50 g of ethylene dichloride, was stirred, drop by drop, inte
the dimethyl sulfide solution, a white precipitate of dimethyl
sulfide-sulfur trioxide complex was formed, with the evolution
of heat. When 0.6 M of 1-dodecene was added to the re-
action mixture, the reaction selution became transparent.
A white precipitate was gradually formed while the reaction
temperature was maintained at 55 °C for 3 hr. The product
was cooled to 0 °C, filtered, and then recrystallized from
ethanol. The yield was 529, on the basis of the sulfur trio-
xide. Found: C, 53.79; H, 9.60; S, 20.4%; Calcd for
C H,;,S,0,: G, 54.15; H, 9.74; S, 20.7%. IR (KBr-disk);
1200 (vgao) cm™l, 1045 (vg-o) cm~t. NMR; 7.05 (s,

6H, gg?é-), 6.63 (d, 2H, -CH,SO,-), 620 (m, IH,

SCH-S().

Reaction of the Cyy B-Sultone with Dimethyl Sulfide-Sulfur Trio-
xide Complex. C,, P-sultone (0.1 M), prepared by the
previous method," was dissolved in ethylene dichloride (100
g). To this solution, dimethyl sulfide (0.11 M) was added
at 0 °C, and the mixture was stirred for 2 hr, a white pre-
cipitate was gradually formed, filtered and then recrystal-
lized from ethanol. 26.4 g (85%, yield) of 2-dimethylsulfonio-
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dodecane-1-sulfonate were thus obtained.

Reaction of the Epoxyalkanes with Dimethyl Sulfide-Sulfur Tri-
oxide Complex. The following procedure for the reaction
with 1,2-epoxydodecane is typical. The dimethyl sulfide-
sulfur trioxide complex was prepared by the method des-
cribed above. To one equivalent of this complex, we added
equivalents of 1,2-epoxydodecane. A white precipitate was
formed when the reaction product was aged at 45 °C for 25
hr. The reaction product was filtered and recrystallized from
ethanol. The yield was 85% on the basis of the sulfur tri-
oxide. Found: C, 51.74; H, 9.26; S, 19.7%,,: Calcd for
Gy, H38,04: G, 51.50; H, 9.26; S, 19.6%. IR (KBr-disk);
1300, 1250, 1100 (v5.o) cmt. NMR; 5.30 (m, 1H, CH-

0S0;"), 7.02 (s, 6H, —s<CH3) 6.33 (d, 2H, ~CH,S().

Ethylene oxide was treated similarly to give 1-dimethyl-
sulfonio ethane-2-sulfate in a 969, yield.

Measurements of Sulface-active Properties. The surface-
active properties were measured by the JIS K-3362 method.

Measurements of the Decomposition Rates. The decomposi-
tion rate was measured at a given pH value in a pH stat(manu-
factured by the Toa Electronic Co., Model HS-1B). The
amount of decomposed substances were calculated from those
of the sodium hydroxide required to counterbalance the de-
crease in the pH with the progress of the reaction. The
initial concentration of the substrate was 0.509 mmol/l; sol-
vent, water; temperature, 48 °C; pH, 4.0—11.0.
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